Until recently, it was assumed that any short DNAsegment could be regarded as a straight rod. Manyinstances, however, have been reported in which the helical axis was curved. In this study, to gain a general insight into the structural features of sequence-directed DNA curvatures, we constructed a set of plasmids carrying curved DNAsegments, which were randomly cloned from Streptomyces total DNAwith extremely high G/C-contents. 
located nearly in phase with the DNAhelical screw. Oneof the DNAsegments characterized in this study appeared to be derived from the giant linear plasmid, SCP1, and another from the circular fertility plasmid, SCP2.
The results of recent studies have demonstrated the existence of sequence-directed (intrinsic) DNA curvatures in free doublestranded DNAsegments.X) The existence of a curved DNA molecule and its degree of curvature can be conveniently identified by its anomalous electrophoretic mobility in polyacrylamide gels.2'3) Although many instances of naturally occurring curved DNAmolecules have been reported, the biological significance of DNA curvatures has been the subject of some debate. In the last few years, however, several lines of experimental evidence for the The mechanism of sequence-directed DNA curvatures has also been the subject of some debate.6) So far, three distinct models for theoretical rationalization of the striking dependence of DNAcurvatures on the base These strains were cultured in YEME medium15) containing 0.5% glycine at 30°C for about three days. Escherichia coli strain JM83 (recA ara lac-pro rpsL thi <fi80lacZ15) was also used in most of the recombinant DNA experiments, such as transformation, plasmid preparation, and DNAsequencing. E. coli was grown in Luria broth at 37°C. Plasmid pUC19 was used as an E. coli cloning vector. Two-dimensional polyacrylamide gel electrophoresis. Gel electrophoresis (first dimension) was done in a cylindrical glass tube (3 mmin diameter, 14cm in length) containing 6% polyacrylamide gel.ll) The running buffer comprised 40mMTris-acetate (pH 7.4), 5mMsodium acetate, and 1mMEDTA.The temperature was kept at 60°C in a temperature-controlled incubator. Then the gel was laid on a slab gel (14cmx18cm, 2mm in thick). The compositions of the polyacrylamide gel and the running buffer for the second dimension were the sameas those for the first dimension, but the temperature was kept below 10°C. DNAfragments on the gel were detected by staining with ethidium bromide.
Southern hybridization. After agarose gel electrophoresis, DNA was transferred onto a nylon membrane filter (Biodyne Nylon Membrane, Pall Co., Ltd.) by the conventional method.18) DNAprobes were prepared using a commercially available non-radioactive DNAlabeling and detection kit (Boehringer Mannheim). The procedures used for DNAlabeling and detection were essentially the same as those recommended by the supplier of the kit.
Results and Discussion
Cloning of curved DNAsegments from Strepto- of curved DNAs, we previously developed a two-dimensional polyacrylamide gell electrophoresis method for the selective detection and separation of curved DNAsin a mixture of DNA fragments. At first, the total DNAisolated from JCM4979 was completely digested with Saw3AI to yield small DNA fragments.n) The resultant DNA fragments were subjected to the two-dimensional polyacrylamide gel electrophoresis, followed by ethidium bromide staining. The majority of the DNA fragments were found along an ethidium bromide stained diagonal line on the gel (data not shown). However, it was assumed that curved DNAsegments, which presumably comprise a minor population, must have migrated off and above the diagonal line. Thus, a piece of gel was cut out from above the diagonal line, taking care to avoid the stained area of the gel. DNA fragments were electroeluted from the gel piece and then cloned into the unique BarnHI site in the Hindlll-EcoRl polylinker region of an E. coli cloning vector, pUC19.
Most plasmids thus isolated were found to carry DNAinserts of various sizes (100 to 1000 base pairs (bp)). Moreover, many of the small Hindlll-EcoRI fragments generated from the plasmids (i.e., a cloned DNAinsert plus the 51-bp polylinker region) appeared to exhibit temperature-dependent anomalous electrophoretic mobilities, which is characteristic for DNAcurvatures. The resultant plasmids were designated as the PBENT-ST series, and the cloned segments as the BENT-STseries. Two hundred plasmids of the PBENT-STseries were tested by the gel mobility assay. Five of them which exhibited extremely anomalous gel electrophoretic mobilities, were selected as representatives for further characterization in this study. As shown in Fig. 1 , the two-dimensional electrophoretic profiles of the HindlllEcoRl fragments of the PBENT-STseries encompassing the cloned DNAsegments clearly confirmed that these cloned DNAsegments exhibited temperature-dependent anomalous gel electrophoretic mobilities. We thus concluded that these cloned DNA segments represent a set of curved DNAmolecules from PBENT-ST5.These plasmids were digested with Hindlll and EcoRl, and then the resultant restriction fragments were subjected to the two-dimensional polyacrylamide gel electrophoresis at two different temperatures (60°C and 10°C). A Hapll digest ofplasmid pBR322 was also applied to the gel concomitantly as internal standards. Note that the small Hindlll-EcoRl fragments of the PBENT-series plasmids, which are indicated by the white arrows, migrated to above the diagonal line, while the Hapll digest of pBR322 gave spots on the diagonal line.
Streptomyces.
Origins of the curved DNAsegments Strain JCM4979, which was used for the isolation of the total DNA,is known to harbor at least two types of well characterized fertility plasmids21}; namely, SCP1 and SCP2. To identify the origins of the curved DNA segments cloned in this study, Southern hybridization analysis of BamHl digests of the total DNAs from S. coelicolor Ml30 (SCP1S CP2-) and M138 (SCP1+ SCP2"), respec- BENT-ST5, hybridized with a BamUl fragment of the total DNAboth from Ml30 and M138, but BENT-ST1 hybridized with only that from Ml38, as shown in Fig. 2A . These results suggested that this particular curved DNAsegment, BENT-ST1, was derived from the giant linear plasmid, SCP1, while the others were derived from the chromosomal DNA.
The giant linear plasmid SCP1 which is about 350-kb in size, is postulated to be involved in production of an antibiotic (methylenomycin).16) To further confirm that BENT-ST1 was derived from SCP1, the plasmid DNA was purified and then its restriction fragments were subjected to Southern hybridization with the use of BENT-ST1 as a probe, as shown in Fig. 2B . It was demonstrated that BENT-ST1 indeed hybridized with the purified SCP1 DNA, approximately 8.2-kb EcoRV and 3.8-kb Sspl/EcoRY fragments being hybridized, respectively. On the basis of the physical restriction map of SCP1 constructed by Kinashi et al. (un- published data), it was further suggested that the BENT-ST1sequence is located very close to each end (within a region of 7.9-kb) of the 350-kb plasmid SCP1, which has an unusually long terminal inverted-repeat of 80-kb at each end.
Nucleotide sequence of the set of curved DNA segments To gain an insight into the structural features of the cloned DNAsegments, their nucleotide sequences were determined, as shownin Fig.  3 . The results of DNAsequencing provided us with several hints about the structural features of the curved DNAsegments from Streptomyces. First of all, it was confirmed that all the DNAsegmens migrated 20 to 33% more slowly on polyacrylamide gels at a low temperature than predicted from the determined nucleotide sequences. For example, the 225-bp Hindlll-EcoRl fragment encompassing BENT-ST1 migrated to a position corresponding to that of a 300-bp fragment at 10°C, i.e., 36% more slowly than anticipated (see also Fig. 1 ). Secondly, it was found that their nucleotide sequences are rich in dG:dC base pairs, e.g., the G/C-content of BENT-ST4 is 69% on average. This is a well-known characteristic of Streptomyces DNA.
It has been proposed previously that homo- [dT]n stretches (n > 3) were found, as shown in Fig. 3 . Nevertheless, it should be emphasized that, in all cases, the observed homopolymeric [dA] and [dT] stretches appear to be clustered around the centers of the sequences, as indicated in Fig. 3 . Furthermore, these clustered In this respect, it would, however, be worth mentioning than only two [dT]4 stretches were found at the center of the BENT-ST2sequence (see Fig. 3 ), nevertheless this particular segment shown in Fig. 4B . Furthermore, based on the restriction map reported for SCP2*(a variant of SCP2, which is physically indistinguishable from SCP2 by restriction mapping), the hybridized region was reasonably located within the region of SCP2* implicated in 23) as shown in Fig. 4C . This result suggested that the curved DNAsegment, BENT-ST6, may contain a portion of the essential region responsible for SCP2-replication. This should, however, be substantiated by more convincing experimental approaches.
In any case, the entire nucleotide sequence of BENT-ST6 was determined, as shown in Fig. 5 
